A novel Gram-stain-negative, rod-shaped, gliding bacterium, designated strain 001-Na2
The genus Echinicola, belonging to the family Cyclobacteriaceae, was first proposed by Nedashkovskaya et al. [1] with the description of Echinicola pacifica isolated from the sea urchin Strongylocentrotus intermedius. Since then, E. vietnamensis [2] , E. jeungdonensis [3] and E. rosea [4] have been isolated from marine sources, such as seawater and solar salterns. 'E. shivajiensis', isolated from a brackish water pond, has been effectively published [5] . At the time of writing, the genus Echinicola thus contains four species with validly published names. Characteristically, the genus Echinicola includes aerobic, heterotrophic, Gram-stainnegative, gliding and non-diffusible carotenoid-pigmented bacteria with iso-C 15 : 0 , C 16 : 1 !5c, iso-C 17 : 1 !9c, C 17 : 1 !5c, iso-C 17 : 0 3-OH and summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 !7c) as the major cellular fatty acids, menaquinone-7 (MK-7) as the major respiratory quinone, and DNA G+C contents ranging from 43.8 to 46.9 mol% [1] [2] [3] [4] . In this study, a novel Echinicola species isolated from a beach sand-soil is described based on a polyphasic taxonomic approach.
During a study of the diversity of marine bacteria in coastal sediment of the Yellow Sea of Sindu-ri beach, Republic of Korea, one dark salmon-pigmented strain, 001-Na2
T , was isolated from a beach sand-soil collected in the area (35 59¢ N 126 36¢ E). The sand-soil was directly spread onto SC-SW agar ( Genomic DNA extraction, amplification of the 16S rRNA gene and its sequencing were performed as described by Lee and Lee [6] . The 16S rRNA gene was amplified by PCR using the universal primers 27F (5¢-AGAGTTTGATCC TGGCTCAG-3¢) and 1492R (5¢-TACGGYTACCTTG TTACGACTT-3¢) [7] . Multiple alignments of the sequences were performed using CLUSTAL X [8] . Phylogenetic analyses were performed by using the DNAML, NEIGHBOR and DNAPARS programs contained within the PHYLIP package [9] . A phylogenetic tree was reconstructed by using the neighbourjoining method [10] and the model of Jukes and Cantor [11] . The topology of the tree was assessed by performing bootstrap analysis with 1000 replicated neighbour-joining datasets [12] . An almost-complete 16S rRNA gene sequence (1431 nt) of strain 001-Na2
T determined in this study was compared with those of representatives of the family Cyclobacteriaceae. The 16S rRNA gene sequence tree ( Fig. 1) showed that strain 001-Na2
T belonged to the genus Echinicola cluster and these species formed a distinct lineage within the family Cyclobacteriaceae. This relationship was supported by a high bootstrap value of 100 % and was also found in trees obtained by using the maximum-likelihood [13] and maximum-parsimony [14] The isolates were grown on ISP medium 2 [15] , nutrient agar (NA; Difco), trypticase soy agar (TSA; Difco) and MA. Plates were incubated for 5 days at 28 C. Anaerobic growth was tested using the GasPak EZ Anaerobe Pouch System (BD) according to the manufacturer's instructions. The presence of flexirubin-type pigments was investigated by using the chromatic shift test with 20 % (w/v) KOH aqueous solution [16] . Cell morphology and motility were observed by using an Olympus light microscope equipped with phase contrast optics (magnification Â400), with cultures grown in marine broth (Difco) for 6, 15, 24 and 48 h at 28 C. Gliding motility was determined as described by Bowman [17] . The presence of flagella was checked by using a JEM 1010 transmission electron microscope (JEOL), for which the cells were negatively stained with 2 % (w/v) phosphotungstic acid. Colonial morphology was observed visually and recorded using 5-day-old cultures on MA at 28 C. The temperature for growth was tested on MA at 4, 10, 20, 28, 37, 42 and 45 C. The pH for growth was assessed on MA, which had been adjusted to an initial pH of 4.0-12.0 at intervals of 1.0 pH unit. The pH of the medium was adjusted before sterilization using 10 mM MES (pH 4.0-6.0) or 10 mM Trizma (pH 7.0-12.0) as biological buffers and confirmed with a pH paper after sterilization. NaCl tolerance during growth was determined in distilled-water-substituted marine broth supplemented with 0-15 % (w/v) NaCl (at intervals of 1 %, w/v).
The Gram-reaction, oxidase and catalase activities, utilization of carbohydrates and decomposition of hypoxanthine, DL-tyrosine and xanthine were determined as described previously [6] . Agarolytic activity was detected as the degradation of agar around colonies after cultivation on MA. Respiratory activity in the presence of a carbon substrate was tested by using GN2 MicroPlates of the Microlog system (Biolog) according to the manufacturer's recommendations. Other physiological and biochemical properties were tested with API 20NE and API ZYM strips (bioM erieux), according to the manufacturer's instructions. Characteristics of strain 001-Na2
T and the reference strains including colony colour, growth at 45 C, NaCl tolerance, enzyme activities and carbon source utilization are given in Table 1 and Fig. S1 (available in the online Supplementary Material) and the species description.
Chemotaxonomic characteristics were investigated as described by Lee and Lee [6] , with cell biomass obtained from cultures grown in marine broth (Difco) for 5 days at 28 C. Respiratory quinones were extracted from freezedried cells (100 mg) with chloroform/methanol (2 : 1) and analysed by reversed-phase HPLC [solvent, acetonitrile/tetrahydrofuran (70 : 30, v/v); flow rate of 0.9 ml min À1 ] [18, 19] . The predominant respiratory quinone of the strain was MK-7, which is also the major quinone of the genus Echinicola.
The purified DNA was hydrolysed with P1 nuclease and the nucleotides were dephosphorylated with alkaline phosphatase. The DNA G+C content of strain 001-Na2
T was analysed by HPLC [20] and the values were determined by using the following formula:
Â100]/2. The DNA G+C content was 44.6 mol%, which is within the range reported for members of the genus Echinicola (43.8-46.9 mol%).
Analysis of polar lipids was performed by TLC as described previously [21] . The polar lipids of strain 001-Na2 T included phosphatidylethanolamine, one unidentified aminophospholipid, one unidentified phospholipid and three unidentified lipids (Fig. S2) . The polar lipid profiles of strain 001-Na2
T and the reference strains commonly contained phosphatidylethanolamine, unidentified phospholipids and unidentified lipids. An additional unidentified aminophospholipid was detected in strain 001-Na2 T and 'E. shivajiensis' JCM 17847
T , while E. pacifica 12368
T and E. vietnamensis KCTC 12713 T contained an additional unidentified aminolipid [5] .
For fatty acid analysis, strain 001-Na2
T and the reference strains were grown on MA for 3 days at 25 C. Cellular fatty acid methyl esters were prepared and analysed by GC (7890A, GC system; Agilent Technologies) using the standard protocol of the MIDI system (Sherlock Microbial Identification System, version 6.0 B). The fatty acids were identified using the Aerobe TSBA library according to the manufacturer's instructions. The major fatty acids of strain 001-Na2
T were iso-C 15 : 0 (35.1 %), summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c; 10.0 %), C 17 : 1 !6c (9.4 %) and summed feature 9 (comprising iso-C 17 : 1 !9c and/or 10-methyl C 16 : 0 ; 7.4 %). The cellular fatty acid profiles of strain 001-Na2
T and the type strains of five members of the genus Echinicola are given in Table 2 .
Comparison of the cellular fatty acid profiles of strain 001-Na2
T and related species indicated that they had a similar composition of major fatty acids. In particular, the fatty acid composition of strain 001-Na2
T is very similar to that T (M62797) served as the outgroup (not shown). Solid circles indicate that the corresponding nodes were also recovered in the maximum-likelihood [13] and maximum-parsimony [14] trees. Bootstrap values (expressed as percentages of 1000 replications) >70 % are shown at nodes. Bar, 0.01 substitutions per nucleotide position. . API ZYM, API 20NE and GN2 MicroPlates data for all strains were obtained from this study under the same experimental conditions. All the strains were positive for catalase, oxidase and aesculin degradation, but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease, gelatinase, and hydrolysis of casein and cellulose. Enzyme activities for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase and b-glucosidase were positive in all the strains, but lipase (C14) and b-glucosidase were negative (API ZYM). All the strains utilized L-arabinose, cellobiose, D-fructose, D-galactose, gentiobiose, a-D-glucose, a-D-lactose, lactulose, maltose, D-mannose, melibiose, raffinose, sucrose, trehalose and turanose. Negative reactions for all strains are not presented (GN2 MicroPlates). +, Positive; À , negative. 
Characteristic
Cystine arylamidase
Carbon source utilization of (GN2 MicroPlates):
of 'E. shivajiensis' JCM 17847 T , but it can be distinguished by the presence or absence of iso-C 15 : 1 G and iso-C 14 : 0 , and amount of anteiso-C 15 : 0 and iso-C 16 : 0 .
Extraction and purification of genomic DNA for DNA-DNA hybridization experiments were as described previously [6] . DNA-DNA hybridization was performed using *Data from Srinivas et al. [5] . †Data from Nedashkovskaya et al. [2] . ‡Data from Kim et al. [3] . §Data from Nedashkovskaya et al. [1] . ||Data from Liang et al. [4] . Table 2 . Cellular fatty acid profiles of strain 001-Na2
T and phylogenetically related members of the genus Echinicola
Strains: 1, 001-Na2 T ; 2, 'E. shivajiensis' JCM 17847 T ; 3, E. vietnamensis KCTC 12713 T ; 4, E. jeungdonensis KCTC 23122 T ; 5, E. pacifica KCTC 12368 T ; 6, E. rosea NBRC 11782 T . Data were obtained from this study under the same experimental conditions. Fatty acids amounting to more than 1.0 % of the total in at least one of the strains are shown. TR, Trace amount (<1 %); -, not detected. photobiotin-labelled DNA probes and microwell plates, as described previously [22] with modifications [23] . The DNA-DNA relatedness values between strain 001-Na2
T and 'E. shivajiensis' JCM 17847 T were 20.8-21.1 %, lower than the threshold value of 70 % used as a criterion recommended for the definition of a bacterial species [24] .
On the basis of phenotypic features, fatty acid and polar lipid profiles, and phylogenetic and DNA-DNA hybridization analyses presented, strain 001-Na2
T is considered to represent a novel species of the genus Echinicola, for which the name Echinicola sediminis sp. nov. is proposed.
DESCRIPTION OF ECHINICOLA SEDIMINIS SP. NOV.
Echinicola sediminis (se.di¢mi.nis. L. gen. n. sediminis of a sediment, referring to the source from which the type strain was isolated). monomethyl-succinate, cis-aconitic acid, citric acid, formic acid, D-galactonic acid lactone, a-hydroxybutyric acid, bhydroxybutyric acid, g-hydroxybutyric acid, p-hydroxyphenylacetic acid, itaconic acid, a-ketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, malonic acid, propionic acid, quinic acid, D-saccharic acid, sebacic acid, succinic acid, bromosuccinic acid, succinamic acid, D-alanine, L-aspartic acid, glycyl L-aspartic acid, L-histidine, L-leucine, L-phenylalanine, L-proline, L-pyroglutamic acid, D-serine, L-serine, DL-carnitine, g-aminobutyric acid, urocanic acid, inosine, uridine, thymidine, phenylethylamine, putrescine, 2-aminoethanol, 2,3-butanediol, glycerol and DL-a-glycerol phosphate are not (GN2 Biolog). The predominant respiratory quinone is MK-7. The major fatty acids are iso-C 15 : 0 , summed feature 3 (comprising C 16 : 1 !7c and/or C 16 : 1 !6c), C 17 : 1 !6c and summed feature 9 (comprising iso-C 17 : 1 !9c and/or 10-methyl C 16 : 0 ). The polar lipids are phosphatidylethanolamine, one unidentified aminophospholipid, one unidentified phospholipid and three unidentified lipids.
The type strain, 001-Na2
T (=KCTC 52495 T =JCM 31786 T =DSM 103729 T ), was isolated from coastal sediment of Sindu-ri beach, Republic of Korea. The DNA G+C content of the type strain is 44.6 mol%.
